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QG,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDO,QGXVWULDODQG0DQXIDFWXULQJ
(QJLQHHULQJ
')LQLWH(OHPHQW0HWKRG6WXG\RQ0DJQHWLF)LHOGLQN$
$OXPLQXP5HGXFWLRQ&HOOV
<RQJ6HQ:HLD6HQ.DL/XD
D,QVWLWXWHRI0DWHULDOV3K\VLFV*XLOLQ1RUPDO&ROOHJH1R;LQ\L5RDG*XLOLQ&KLQD

$EVWUDFW
7KHPDJQHWLF ILHOG LQDOXPLQXPUHGXFWLRQFHOOKDVEHHQFDOFXODWHGXVLQJ$16<67KH UHVXOWV UHYHDO WKDW WKHPDJQHWLF
ILHOG OLQHV DUH FRQFHQWUDWHG LQ WKH FHOO ZDOO WKH PDJQHWLF ILHOG FDOFXODWLRQ DQG RSWLPL]DWLRQ GHVLJQ RI WKH DOXPLQXP
UHGXFWLRQFHOOPD\JLYHIXOOFRQVLGHUDWLRQWRWKHLQIOXHQFHRIWKHIHUURPDJQHWLFPDWHULDO7KHUDQJHRI%;%<DQG%=LV
a7a7DQGa7LQWKHDOXPLQXPUHVSHFWLYHO\7KHUDQJHRI%;
%< DQG %= LV PDLQO\ a 7 a 7 DQG a 7 LQ WKH HOHFWURO\WH
UHVSHFWLYHO\7KHUDQJHRI%;%<DQG%=LVPDLQO\a7a7DQGa
7DWWKHLQWHUIDFHRIPHOWLQWKHDOXPLQXPUHGXFWLRQFHOOUHVSHFWLYHO\7KHPDJQHWLFILHOGLQWKHDOXPLQXPUHGXFWLRQFHOO
IRUPV D FORFNZLVH VZLUO DORQJ WKH =D[LV DQG LW VWUHQJWKHQV LQ WKH FRUQHUV 7KH YHUWLFDO PDJQHWLF ILHOG YDOXH RI WKH
DOXPLQXPUHGXFWLRQFHOOLVVOLJKWO\KLJKHUVRWKHPDJQHWLFILHOGRIWKHDOXPLQXPUHGXFWLRQFHOOZLOOEHUHGHVLJQHG

3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI,QIRUPDWLRQ(QJLQHHULQJ5HVHDUFK,QVWLWXWH

.H\ZRUGVDOXPLQXPUHGXFWLRQFHOO$16<6PDJQHWLFILHOG


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,QWURGXFWLRQ
7KH /RUHQW] IRUFH SURGXFHG E\ WKH LQWHUDFWLRQ RI WKH PDJQHWLF DQG WKH FXUUHQW ILHOG ZLOO OHDG WR VXUIDFH
LQVWDELOLW\ LQ SDUWLFXODU WKH UROH RI WKH YHUWLFDOPDJQHWLF ILHOG >@ZKLFK FDXVH IOXFWXDWLRQV XSOLIW HYHQ
VNHZHGLQOLTXLGDOXPLQXPVRWKDWWKHDOXPLQXPUHGXFWLRQFHOOLVLQVWDEOHWRLQFUHDVHSRZHUFRQVXPSWLRQ>
@UHGXFHWKHFHOOOLIH6RLWLVYHU\LPSRUWDQWWRGHVLJQWKHPDJQHWLFILHOGRIWKHDOXPLQXPUHGXFWLRQFHOO>
@7KHJHRPHWU\DQGGLVWULEXWLRQRI WKH IHUURPDJQHWLFPDWHULDOVDQGEXVFRQILJXUDWLRQ LV FRPSOH[DQG WKH
ZRUNLQJFRQGLWLRQV LVSRRUVR LW LV LQFRQYHQLHQFH WRPHDVXUH WKHPDJQHWLF ILHOGRI WKHDOXPLQXPUHGXFWLRQ
FHOOEXWZKLFKFDQEHSUHGLFWHGE\WKHVRIWZDUH$16<6WKHQWRLPSURYHFHOOOLIHUHGXFHHQHUJ\FRQVXPSWLRQ
DQG LPSURYH WKH FXUUHQW HIILFLHQF\ E\ RSWLPL]LQJ WKH EXV FRQILJXUDWLRQ 7KH PDJQHWLF ILHOG RI WKH N$
DOXPLQXPUHGXFWLRQFHOOZDVQXPHULFDOO\FDOFXODWHGZLWKFRPPHUFLDOVRIWZDUH$16<6LQWKHSDSHU
7KH0RGHORIWKHDOXPLQXPUHGXFWLRQFHOO
7KHPDJQHWLF WKHRU\ LV GHVFULEHGE\ D VHW RI0D[ZHOO
V HTXDWLRQV WKHPDJQHWLF ILHOG FDQEH FDOFXODWHGE\
UHVHDUFK WKH0D[ZHOO
V HTXDWLRQV7KH0D[ZHOO
V HTXDWLRQV LV DFWXDOO\ FRPSRVHG RI IRXU ODZV QDPHO\ WKH
$PSHUH
VODZWKH)DUDGD\
VHOHFWURPDJQHWLFLQGXFWLRQODZWKH*DXVV
VODZDQGWKH*DXVVHOHFWULFIOX[ODZ
7KHGLIIHUHQWLDOIRUPRI0D[ZHOOHTXDWLRQVRIWKHVWDWLFPDJQHWLFILHOGLVJLYHQDVIRUPXOD
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
:KHUH{ }+ LVWKHPDJQHWLFILHOGLQWHQVLW\YHFWRU$P{ }- LVWKHWRWDOFXUUHQWGHQVLW\YHFWRU$P{ }( LV WKH HOHFWULF ILHOG LQWHQVLW\ YHFWRU 9P{ }% LV WKH PDJQHWLF IOX[ GHQVLW\ YHFWRU 7{ }' LV WKH
HOHFWULF IOX[ GHQVLW\ YHFWRU &P ρ LV WKH HOHFWULF FKDUJH GHQVLW\ ȍÂP ,Q ' VWDWLF HOHFWURPDJQHWLF
DQDO\VLV WKHUH DUH WKUHHPHWKRGV WKH VFDODUPHWKRG WKHYHFWRUPHWKRG DQG WKH HGJHEDVHGPHWKRG ,Q WKH
ZRUN WKHHGJHPHWKRG LVXVHGEHFDXVH LW LV DFFXUDWHDQGHIILFLHQW7KHDOXPLQXPUHGXFWLRQFHOO LVELJDQG
FRPSOH[VRZKLFKVKRXOGEHVLPSOLILHGLQVWUXFWXUHIRUWKHVLPXODWLRQ
 7KHFDWKRGHVZHUHVXSSRVHGDVDZKROH
 7KHURXQGFKDPIHUVZHUHVXSSRVHGDVYHUWLFDOFKDPIHUV
 
)LJ7KHPRGHORIWKHPDJQHWLFILHOGRIWKHDOXPLQXPUHGXFWLRQFHOO
D E
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7KH )(0 PRGHO RI WKH UHGXFWLRQ FHOO LV VKRZQ LQ )LJ D ZLWKRXW DLU 7KH SK\VLFDO PRGHO RI WKH
UHGXFWLRQFHOO LV VKRZQLQ)LJE ZLWKRXWDLU7KHPDLQFRPSRQHQWVZHUH WKHFHOOZDOO WKHDQRGHV WKH
DQRGHDVVHPEOHWKHOLTXLGDOXPLQXPWKHPROWHQHOHFWURO\WHWKHFDWKRGHWKHVWHHOFROOHFWRUEDUVWKHEXVEDUV
DQG WKH DLU ,Q WKH VLPXODWLRQ RI PDJQHWLF ILHOG WKHUH ZHUH  HOHPHQWV DQG  QRGHV LQ WKH
DOXPLQXPUHGXFWLRQFHOO
(OHPHQWW\SHDQGORDG
7KH HOHPHQW W\SHV RI WKHPDJQHWLF ILHOG LQFOXGH WKH HOHPHQW 6RXUFH  DQG WKH HOHPHQW 6ROLG  LQ WKH
VLPXODWLRQRIWKHPDJQHWLFILHOGWKHHOHPHQW6RXUFHUHSUHVHQWHGDOOEXVEDUVDQGSDUWVRIDQRGHDVVHPEOH
7KHHOHPHQW6ROLGZDVXVHGLQWKHDQDO\]HGWKHFHOOZDOODQRGHVDQRGHDVVHPEOHDOXPLQXPHOHFWURO\WH
FDWKRGHVWHHOFROOHFWRUEDUVDQGDLU
7KHERXQGDU\FRQGLWLRQVDQGORDGVRIWKHDOXPLQXPUHGXFWLRQFHOOZHUHVSHFLILHG
 &RQVWUDLQHGHOHFWULFVFDODUSRWHQWLDO9DWWKHWRSDUHDVRIWKHDQRGHDVVHPEOH
 6HW FXUUHQW IORZ HTXDO WR  N$ DW RQH RI WKH QRGHV RI WKHVH DUHDV ,H DVVXPHG WKDW WKH FXUUHQW
JXLGHGWKURXJKWKHDQRGHDVVHPEOHZDVXQLIRUP
 6HWUHIHUHQFHSRWHQWLDOHTXDOWR]HURDWWKHDUHDVFRQQHFWHGWKHVWHHOFROOHFWRUEDUVDQGWKHDOXPLQXP
IOH[HV
 7KHERXQGDU\FRQGLWLRQ³1RUPDO)OX[´ZDVDSSOLHGLQDQH[WHUQDODUHDVRIWKHDLU
&DOFXODWHGUHVXOWVDQGDQDO\VLV
7KH PDJQHWLF ILHOG RI WKH  N$ DOXPLQXP UHGXFWLRQ FHOO ZDV QXPHULFDOO\ FDOFXODWHG ZLWK FRPPHUFLDO
VRIWZDUH $16<6 LQ WKH SDSHU 7KH PDJQHWLF ILHOG VWUHQJWK RI WKH DOXPLQXP UHGXFWLRQ FHOO LV VKRZQ LQ
)LJa)LJ )LJ LV WKHPDJQHWLF LQWHQVLW\ YHFWRU RI WKH DOXPLQXP UHGXFWLRQ FHOO )LJ LV WKHPDJQHWLF
LQWHQVLW\YHFWRURI WKHFHOOZDOORI WKHDOXPLQXPUHGXFWLRQFHOOZKLFKVKRZHG WKDW WKHPDJQHWLF ILHOG OLQHV
ZHUHFRQFHQWUDWHGLQWKHFHOOZDOOVRWKHPDJQHWLFILHOGFDOFXODWLRQDQGRSWLPL]DWLRQGHVLJQRIWKHDOXPLQXP
UHGXFWLRQFHOOVKRXOGJLYHIXOOFRQVLGHUDWLRQWRWKHLQIOXHQFHRIWKHIHUURPDJQHWLFPDWHULDO

)LJ0DJQHWLFLQWHQVLW\YHFWRURIWKHDOXPLQXPUHGXFWLRQFHOO7 )LJ0DJQHWLFLQWHQVLW\YHFWRURIFHOOZDOORIWKHDOXPLQXPUHGXFWLRQFHOO7

)LJa)LJDUHWKH;<=DQGYHFWRURIWKHPDJQHWLFLQWHQVLW\DWWKHLQWHUIDFHRIPHOWRIWKHDOXPLQXP
UHGXFWLRQ FHOO UHVSHFWLYHO\ )LJ VKRZHG WKDW WKH UDQJH RI %; ZDV PDLQO\  a  7 WKH
PDJQHWLFLQWHQVLW\ZDV;QHJDWLYHLQ$VLGHLHWKHVLGHRXWRIWKHSRZHUWUDQVLWHGWR;SRVLWLYHPDJQHWLF
ILHOG LQ WKH % VLGH LH WKH VLGH LQWR WKH SRZHU )LJ VKRZHG WKDW WKH UDQJH RI %< ZDV PDLQO\ 
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a7DQGWKHDEVROXWHYDOXHRIWKH%<LQFUHDVHGDORQJWKHORQJD[LVIURPWKHPLGGOHWRERWK
HQGV)LJVKRZHGWKDWWKHUDQJHRI%=ZDVPDLQO\a7WKHYHUWLFDOPDJQHWLFILHOGYDOXH
RI WKH DOXPLQXP UHGXFWLRQ FHOO ZDV VOLJKWO\ KLJKHU VR WKH PDJQHWLF ILHOG RI WKH DOXPLQXP UHGXFWLRQ FHOO
VKRXOGEHUHGHVLJQHG)LJVKRZHGWKDWWKHPDJQHWLFILHOGDWWKHLQWHUIDFHRIPHOWRIWKHDOXPLQXPUHGXFWLRQ
FHOOIRUPHGDFORFNZLVHVZLUODORQJWKH=D[LVDQGWKHPDJQHWLFILHOGVWUHQJWKHQHGLQWKHFRUQHUV
)LJa)LJDUHWKH;<=DQGYHFWRURIWKHPDJQHWLFLQWHQVLW\RIWKHDOXPLQXPUHVSHFWLYHO\7KHUDQJH
RI%;ZDVPDLQO\a7WKHPDJQHWLFLQWHQVLW\ZDV;QHJDWLYHLQ$VLGHLHWKHVLGHRXWRI
WKHSRZHUWUDQVLWHGWR;SRVLWLYHPDJQHWLFILHOGLQWKH%VLGHLHWKHVLGHLQWRWKHSRZHU7KHUDQJHRI%<
ZDV a 7 7KH UDQJH RI %=ZDV a 7 DQG D ODUJH DUHD RI WKH YHUWLFDO
PDJQHWLFILHOGYDOXHZDVWKH=D[LVQHJDWLYH7KHPDJQHWLFILHOGLQWKHDOXPLQXPRIWKHDOXPLQXPUHGXFWLRQ
FHOOIRUPHGDFORFNZLVHVZLUODORQJWKH=D[LVDQGWKHPDJQHWLFILHOGVWUHQJWKHQHGLQWKHFRUQHUV
)LJa)LJ DUH WKH;<= DQG YHFWRU RI WKHPDJQHWLF LQWHQVLW\ RI WKH HOHFWURO\WH UHVSHFWLYHO\ 7KH
UDQJHRI%;ZDVPDLQO\WR7WKHPDJQHWLFLQWHQVLW\ZDV;QHJDWLYHLQ$VLGHLH WKH
VLGHRXWRIWKHSRZHUWUDQVLWHGWR;SRVLWLYHPDJQHWLFILHOGLQWKH%VLGHLHWKHVLGHLQWRWKHSRZHU7KH
UDQJHRI%<ZDVWR77KHUDQJHRI%=ZDVWR77KHPDJQHWLFILHOG
LQWKHHOHFWURO\WHRIWKHDOXPLQXPUHGXFWLRQFHOOIRUPHGDFORFNZLVHVZLUODORQJWKH=D[LVDQGWKHPDJQHWLF
ILHOGVWUHQJWKHQHGLQWKHFRUQHUV


)LJ;PDJQHWLFLQWHQVLW\DWLQWHUIDFHRIPHOW7 )LJ<PDJQHWLFLQWHQVLW\DWLQWHUIDFHRIPHOW7
)LJ=PDJQHWLFLQWHQVLW\DWLQWHUIDFHRIPHOW7 )LJ0DJQHWLFLQWHQVLW\YHFWRUDWLQWHUIDFHRIPHOW7
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)LJ;PDJQHWLFLQWHQVLW\RIWKHDOXPLQXP7 )LJ<PDJQHWLFLQWHQVLW\RIWKHDOXPLQXP7
)LJ=PDJQHWLFLQWHQVLW\RIWKHDOXPLQXP7 )LJ0DJQHWLFLQWHQVLW\YHFWRURIWKHDOXPLQXP7
)LJ;PDJQHWLFLQWHQVLW\RIWKHHOHFWURO\WH7 )LJ<PDJQHWLFLQWHQVLW\RIWKHHOHFWURO\WH7
)LJ=PDJQHWLFLQWHQVLW\RIWKHHOHFWURO\WH7 )LJ0DJQHWLFLQWHQVLW\YHFWRURIWKHHOHFWURO\WH7
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&RQFOXVLRQ
7KH PDWKHPDWLFDO PRGHO RI WKH PDJQHWLF ILHOG LQ WKH  N$ DOXPLQXP UHGXFWLRQ FHOO ZDV QXPHULFDOO\
FDOFXODWHGXVLQJFRPPHUFLDOVRIWZDUH$16<67KHUHVXOWVVKRZWKDWWKHPDJQHWLFILHOGOLQHVDUHFRQFHQWUDWHG
LQ WKHFHOOZDOO WKHPDJQHWLF ILHOGFDOFXODWLRQDQGRSWLPL]DWLRQGHVLJQRI WKHDOXPLQXPUHGXFWLRQFHOOZLOO
JLYH IXOO FRQVLGHUDWLRQ WR WKH LQIOXHQFH RI WKH IHUURPDJQHWLFPDWHULDO 7KHPDJQHWLF ILHOG LQ WKH DOXPLQXP
UHGXFWLRQFHOO IRUPVDFORFNZLVHVZLUODORQJ WKH=D[LVDQG WKHPDJQHWLF ILHOGVWUHQJWKHQHG LQ WKHFRUQHUV
7KHUDQJHRI%;%<DQG%= LV a7 a7DQGa7 LQ
WKH DOXPLQXP RI WKH DOXPLQXP UHGXFWLRQ FHOO UHVSHFWLYHO\ 7KH UDQJH RI %; %< DQG %= LV 
a7a7DQGa7LQWKHHOHFWURO\WHRIWKHDOXPLQXP
UHGXFWLRQFHOOUHVSHFWLYHO\7KHUDQJHRI%;%<DQG%=LVPDLQO\a7a
7 DQG a7 DW WKH LQWHUIDFH RI PHOW RI WKH DOXPLQXP UHGXFWLRQ FHOO UHVSHFWLYHO\ ZKLFK
VKRZVWKDWWKHYHUWLFDOPDJQHWLFILHOGYDOXHRIWKHDOXPLQXPUHGXFWLRQFHOOLVVOLJKWO\KLJKHUVRWKHPDJQHWLF
ILHOGRIWKHDOXPLQXPUHGXFWLRQFHOOZLOOEHUHGHVLJQHG
$FNQRZOHGJPHQW
7KLV ZRUN ZDV ILQDQFLDOO\ VXSSRUWHG E\ VWDUWXS IXQGLQJ RI *XLOLQ 8QLYHUVLW\ RI WHFKQRORJ\ 1R
 DQG1R  WKH SURYLQFH VFLHQFH DQG WHFKQRORJ\ LQ WKH*XDQJ[L RIIHQGV SDVV
LWHP1RDQG3URMHFWV1R06
5HIHUHQFHV
>@)HQJ1;3HQJ-3-XGJLQJRIWKHJDSDPRQJRXUFRXQWU\DQGVRPHOHDGLQJFRXQWULHVIURPWKHSRLQWRI
YLHZRIQHZDOXPLQXPHOHFWURO\VLVWHFKQRORJ\/LJKW0HWDOV
>@/L%.=KDQJ;%=KDQJ656WXG\RIHOHFWURPDJQHWLFILHOGLQ.$DOXPLQXPUHGXFWLRQFHOOVZLWK
LQQRYDWLRQFDWKRGHVWUXFWXUH706/LJKW0HWDOV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